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PREFACE 
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Department Liaison Officer with NDRC as 0D-1C6, and to the project designated 
by the War Metallurgy Committee as KDRC Research Project MRC-53. ■ 

The distribution of this report is e» follows: 

Copies No.  1 thru 30 - Dr.  Irvin Stewart, Executive Secretary,  DSHD' 
Copy Ho. 31 - Clyde Williams,  Chief,  War Metallurgy Division (Div.  18),- NDBG 

and Chairman,  Vfar Metallurgy Committee 
Copy Bo.  32 - Office of the Executive  Secretary,   '.far Metallurgy Committee ' 
Copy Ho.  33 - 7.  H.   Schnee,  Chairman, Products Research Division, 

tfar Metallurgy Committee 
Copy No. 34 - H.   It.   Gillett,  Member,  Division 18,  KDHC 
Copy Ho. 35 - S.  D.   Hsron,   Member,   Division 18,  HDEC 
Copy Ho.  36 - 2ny Jeffries,   Monbor,  Division 18,  1TDHC 
Copy Ho. 37 - R.  F.  Mehl,  Member,  Division 18,  HDEC 
Copy Ho. 38 - A.  C.   Tolman,  Chairman,   Sub-Committee for Division 16, XDRC 
Copjt.2o. 39 - Roger Adams,  Member,   Sub-Committee for Divisioa 1A»-SBBC~ 
Copy Ho. 40 - J. E.  Jackson,   Staff Aide .for Division 18,  HDRC " 
Copy Ho. 41 - Army Air forces, Headquarters, Assistant Chief of Air Staff, 11 & S 

Attn:  It. Col.  J.  M,  Gruitch, Air Ordnance Office 
Copy Ho. 42 - Army Service Forces,   Office,  Chief of Ordnance - Detroit 

Attn:  Major J.  V,  Coombe 
Copy Ho. 43 - Amy Service Porces,   Office,  Chief of Ordnance - Detroit' 

Attn:  Lt. I.  M. Dalchor. 
Copy Ho. 44 - Arm:'' Service Forces,   Ordnance Design Sub-Office 

Attn: Opt. L.  J. Cogon,  Franklin Institute 
Copy Ho. 45 - Hdgo rf.  Kiomke, Assistant Welding Research Supervisor, 

War Metallurgy Connittee 
Copy Ho. 46 - L.   L.   tfyman,  Research Supervisor,  ifar Metallurgy Committee 
Copy Ho. 47 - John I. Norton, Technical Representative,  NDRC Research Project HBC-63 
Copy Ho. 48 - D. Rosenthal,  Investigator,  HDRC Research Project 1IRC-53 
Copy Ho. 49 - S.  B.   Maloof,  Investigator,  NISC Research Project KRC-53 

Project Liaison Officers 

Copy Ho, 50 - Army Service Forces,   Office,  Chief-of Ordnance 
Attn:  Col.  J.  H.  Frye 

Copy So. 51 - Navy Department, Bureau of Ordnance 
Attn:  Coadr.  T.  J.  Flynn 

Copy Ho.  52 - Navy Department, Bureau of Ships, 
Attn:  Lt. Condr. E.   G.  loucoda 

Konbors of tho Project Connittee 

Copy Ho,  53 - G.  S.  Mikhalapov, Chairman 
Copy Ho.  54 - C. A. Adaas 
Copy No. 55 - Everett Chapman 

Copy No, 56 - J. J. -Chyle ' 
Copy No.  57 ■* A.  V. -deForest 
Copy Ho.  58 - ML  Oensamer 
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The presedt progress »port 1« concerned with a preliminary lnvestlga- 

tloa undertaken In accordance with the following recommendation of the 

Project Advisory Committee« p. 27, Final Bsport, Part I, OSHi) Bo. 35*5, 

April 1Ä.19U4. 

Ho. k.   Make a detailed study of the residual stress pattern through 

the thickness of the plate in the neighborhood of the weld, 

using the welded amor as well as low carbon plate which is 

better suited to the X-ray method. 

She investigation has been Halted to a low carbon weld for which sat- 

isfactory »-ray stress determinations could be made. While not neoossarlly 

representative of the stress situation existing In the amor weld, tho 

results are Interesting In revealing a marked skin effect in the distribu- 

tion of residual stress across the thickness of weld. They also show the 

usefulness of combining Information secured by x-ray and wire gage measure- 

ments aocordlng to a method worked out at this laboratory. 

Introduction 

Zt has been shown in our previous report, OSES *o. 35*0, p. 15»  teut 

the welding operation sets up a restraint net only between the weld and base 
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rnetale,  "bat also between the layers of the weld Itself.    Therefore, toy eat" 

ting loose a block of weld having the full thickness of the plate, a complete 

relaxation of stress will not he achieved.    As a rule, additional relief öf 

stress will take place when slicing the block through the thickness. 

The purpose of the present report is to show how this additional infor- 

mation can toe used to determine the distribution of the residual stress 

remaining in the welded blocks across the thickness. 

Outline of Experimental Procedures ■■• ;'».:,•■  ■:•.■-•• y ■ 

A»    Specimens-. ..The specimens,"consisted flf two- blo«ks. of weld^airkad 

Has. 8 .and 11 respectively,  supplied through the, courtesy.of Dr.-F; Jonasspn, 

to whom we are indebted also for the information regarding thei.r origin. 

Both welds-wore deposited with the same'type of/electrode,'.namely 5/32" 

class .6010 for ttio first pass on top and too.ttoa of the plats, and l/U« typo 

6012 for the second and-third- passos on both top and bottom of tho plate, 

using a double "V-edge prepn.ratlnn.    The block marked-No. "11 was removed 

from a panel welded with a step back cascade procedure-, whoroas the block 

marköd No. 8 was -taken from-a panel welded ito continuous layers from one end 

of the panel to the other.    These "panels are referred tn lit the Progress ■ '. 

Beport,: OSBD No.  3693 of tho California Project NRC-64,- tfs panels Nos. 16 

and 19 respectively.    Tho. blocks served to doteraino --thi strain rolioved In V 

the. direction of weld.    They were called for-brevity longitudinal tolocka. 

The shape of those /blocks as delivered was quite lrreeulitr. ■ For tho 

purpose of further measurements they had to toe machined In the form of 

t 'i-r:< 
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narrow rectangular print.    The «net dimensions of the blocks wer« as fol- 
■■-••■ ■ •'■•'■•:■   ••*'•■■-' ■■>::■•..■ ..*■■■ ■■'■■■■.■-•;■:■= ! 

lew« after machining« 

Ho.    3      X.75 x 0.5 In. 1» thick ' 

Ho. 11       1.8   x0.6l In."'    1» thick 

B.    Inspection of the weld metal.    In the course of the experiment It' 

appeared necessary to check the soundness of the metal throughout the thick» 

nee«.    Radiography and macro-etching were used for thle purpose. 

A standard radlographic picture was taken using 130 S-, - 8 ml — 36" 

film to tube distance, and a fine grained type' of film,' the Bupont film 80, 
:.506. ■-.-.■• 

■ • . • 'V'        *       »■' ■        ' ■      ..' ' * ' 

The maeroetehlng was carried out en successive sections of weld made 

for the purpose of stress measurement.   Ten per cent nltal etch was quite 

satisfactory in revealing the particulars of structure and defects present 

in weld. 

C.    Determination of residual stress across the thickness.    Throe dif- 

ferent methods were used to determine the stress distribution across the 
■ ■■      , j' 

thickness of weld.   The first method consisted merely of making x-ray dif- 

fraction stroas measurements on the lateral face of the block Ho. 11 accord- 

ing to the technique described In our above mentioned report OSHD 3580.   As 

for the two other methods, they were derived from a technique developed at 

this laboratory and are described in the Appendix in more detail.    Briefly 

speaking, they compute the amount of residual stress at various depths 

below surface from the change of wire gage readings on the top nnd bottom 

surface of the block produced by splitting and successive slicing of the 

latter.    In the first" of these methods the strain gage readings alone are 
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UMd for the computation, whereas In the second, additional x-ray measure- 

merits of stress are made on the new sections formed by slicing. Both methods 

are supposed to give identical results, If the influence of stress, which 

Is left after the 'block has bean split In two, becomes negligible In the 

thickness direction. 

Results 

A. Inspection of the weld metal. The radlographic Inspection of tho ; . 

block Ho. 8 revealed a great deal of porosity In the weld. Tbo block Ho. U. 

also showed some porosity, especially In the upper layer; moronvor a substan- 

tial lack of fusion was noticeable In the flrst layer. 

Theso two types of defects appeared likewise In the successive sections 

made through the thickness, when using 103 nit*.l etch. A third type of 

defect) not disclosed by the radlographle Inspection, was found, however, 

In block Ho. 8, 0.2" below the top surface. It consisted of small cracks, 

which could bo properly called flakes, Figure 1. .They dlsnppon.rad After . 

some additional 0.006" was removed from the surface by etching. 

It Is well to point out at this moment that these particulars ure given 

not as an appraisal of the quality of the weld, but as n possible explana- 

tion of some anomalies encountered in the measurement of stress. 

B. Residual stress pattern .".ernes tha thickness. 

1. Tha vnluas of stress found by means of x-rays on the lateral 

face of the block N". 11 nr<=> represented by full circles In the diagram, 

Figure 2. These stresses wore measured at points 1, 2, and 3 marked on the 

side sketch, Figure 2, They turned out to be PH expressive stresse* of 
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the «ante order of magnitude, about 15,000 p.s.l. Beeauseof the obvious 

discrepancy of those noasuranente with those doeerlhod helow, no other 

points of the face were Investigated. 

2, The residual stress pattern comwited from the wire gage 

readings on top and hottoa face, according to the technique described In 

appendlx( Section 1, Is represented by continuous lines in diagrams, Figures 

2 and 3 for the blocks Ho. 11 and 3 respectively. The dashed portion of 

these lines has been obtained by means of extrapolation assuming end values 

as given hy the third, ■ comhined" method to be described shortly. Both 

diagrams are fairly well balanced owing to the presence of ä high conpros- 

slen on the top and bottom faces of the weld. This compression aifarrs to 

be of a. rather superficial nature, for it drops to sero at less than 0,05" 

from the surface. The stress over the remaining part of the block Is of a 

much smaller magnitude, especially In the block So. 8. The stress pattern 

In block Ho. 11 Is not only of a greater magnitude than that In the block 

Ho. 8, hut also it shows a greater dissymmetry. It Is seen that the peaks 

and valleys are more pronounced on the hottoa side, which wae the last to 

he welded, than on the top side of this hlock. 

3. The comhined method, consisting of »-ray and wire gage 

measurements, was used* to compute stresses represented by open ciroles in 

diagrams. Figures 2 and 3» The diameter of the circles shows the limit of 

the prooable error I+ 2000 pel). Because of the presence of defect« only a 

limited number of points were Investigated in sections made across the 

* according to the technique described in appendix, Section 2. 

■\ 
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thicknoBB. In block No. J.1, the combined method ma used only for the two 

surfaces, hut on block No. 8, It was also used for several Interior points 

on the bottom half, of tha block. 

Discussion.of the Results 

The results plotted.in the diagrams, Figure 2 and 3 may be discussed 

from two .points of .view: a). The methods nf stress measurement, and b) The 

residual stress pattern.. 

A. The methods of stress measurement. According to the diagram. 

Figure 2, a marked discrepancy not only of value, but also nf sl^n oxlsts 

between the stresses measured directly by moans nf  x-rays, full circles» 

and the stresses computed from wire gage readings, continuous line. To 

account for this discrepancy It must be remembnrod that the x-rays measure 

the value of stress at. a point of the surface, whorens the wlro gage read- 

ings are used to compute the value of nn average stress In n slice of aotal 

removed In the process of successive siloings as described In Appendix« 

Section 1. There is gond reason to. believe that the stress on the lateral 

face of the block Is not the same as the average stress in the slice of 

metal considered. Hence, tho results of the two methods cannot be expected 

to be tho same. As a matter ?f goneral conclusion, the direct method of 

measurement by means of x-rays alone cannot solve the problem of stress 

distribution, if there is a marked stress gradient In the direction normal 

to the face explored by the x-rays. 

On the other hand, the use of the wire ga»»e readings, according to tha 

method explained In tho Appendix, gives a picture nf the stress distribution 
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which la consistent with the requirsmont» of the balatwfB'of rftraee through 

the thieknoaa, as ahown by the continttoua lines In Figure« 2 and 3. But ' 

thle method alone la unable to furnish" the value of atreea at the top and 

bottom face of the block, except by means of extrapolation. On the con- 

trary, the x-ray method measures tKla atrees directly and without any aablg- 

ulty. Hence, there la real advantage In combining the two mathoda of 

measurement. 

In addition to the end' pointe of the'diagrams, Tigurea a and 3, the 

combined method of x-ray* and attain gage fflaaaurementa was ttaeft to compute 

values marked by open circles In the diagram,' figure 3« Considering the 

■mall value of 'atreaa at the points coneldered, the relative error of mea- 

surement ia rather large. There la, however, a genoral agreement between 

the two mathoda employed. 

B. Healdual atreaa pattern in the weld. The two mnat striking fea- 

tures of the atreaa dlatrlbutton acroaa the thickness of weld aret 1« the 

wide difference between the surface etreas and the atreaa in the Interior, 

and 2. the superficial character of the atreee gradient. Both features 

have been found In other typea of welds, in particular in the amor welda, 

aa will be shown in the next  final report. Therefore, they are not 

accidental, but constitute a common occurrence In wolds.- It aeons logical 

to seek their origin in the rate of cooling following the welding operation. 

But the known fact that the laat paaa of weld coola down slower than the 

remainder of the weld deposit cannot be offered ne a satisfactory explan?- 

tion. Tor this would promote tension and not compression on the surface. 

Besides, it would not explain the very superficial character of the atreaa 

gradient. 
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-e fc account for the presence of a compression the surface layor of the 

last pass mast cool faster than the interior of the Mock. This condition 

can occur only at the very late stage of cooling, probably below 400° F., 

at which stage the flow of heat through the bulk of metal becomes smallor 

-than the heat losses through the surface. Since tho residual stress pattern 

is shaped probably not yery much above 400° F., it is conceivable that the 

final value of stress depends primarily upon the conditions of heat flow 

existing in this range of temperature. This circumstance also would explain 

the superficial nature of the stress (radiant. 

In addition to the superficial stress gradient, there 1« a less pro- 

nounced stress gradient on the bottom side of the block Ho. 11 between the 

last past and the other passes of weld. This stress gradient .does comply 

with the condition of a slower rate of cooling of the last pass, sinco it 

put* the latter in tension. Surprisingly, no such a gradient has been found 

in the block« Bo. 3. Yet, according to information this block was a part 

of .a continuous weld, whereas block Ho. 11 was taken from a step back cas- 

cade weld. One would naturally expect a greater difference in the rnte of 

COf&ing in a continuous weld, than in a step back cascade weld made of 

•mall blocks 5" long. It is quite possible that excessive porosity present 

la the block. Ho. 8 accounts for this anomaly. In vlaw of this situation, 

it would seem desirable to duplicate the present work using a more sound 

weld metal. 

?1 
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Conoluslon 

la spite of the preliminary nature of the present work« It ujr 1M 

safely concluded that there to real In tare it In studying the strati dis- 

tribution across the thieknese of welds. She existence of a ekln effect 

revealed by this Investigation may have a far reaching effoot on both» tho 

Mthoda of exploration and the study of residual stress In practice. 

A consistent picture of the stress distribution Is obtained across the 

thickness of weld, when combining the Information given by x-rays and wire 

Cage readings according to a method worked out at this laboratory. 

There Is, however, a need for more work to ascertain the valuo of this 

method. 
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Motion 1| Determination of residual stress aero et the thickness of blocks 

by means of wire gage readings. 

A* pointed out previously two methods were employed to determine the 

distribution of residual stress across the thickness. Both consisted essen- 

tially of removing layers of metal from one face of the block and computing 

the change thus produced in the remainder of the block. In the first Of 

these methods« wire gage readings were used for the computation of street In 

the layers removed by slicing. She procedure was very similar to that used 

for measuring stress in cold drawn tubing (1). 

For the theoretical aesumptions and developments underlying the appli- 

cation of this method, reference it made to a publication which will appear 

shortly (2). In the following only the procedure as' used in the present 

work will be described.   ' 

'two eleotrlo wire 88^ gages wore placed on" both faces of the block, 

one on the top face, one on the bottom face. The gages used In the Cali- 

fornia Project were saved for this purpose on block Ho. 11, whereas a now 

set of srfmi gages was put on block So. 8 to permit preliminary explora- 

tion of stress by means of x-rays as explained in seotlon 2, 

The blocks were then sectioned In half and from each half of the block 

slices of metal about 1/8" thick wore removed progressing from the mldsection 

toward the outer top or bottom face of the blook. The slices were cut using 

a small band saw, 24 teeth per Inch, No. 23 gage and l/2 Inch wide. The 

cutting operation proved to be. of no significant effect on the wire gags 
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"readlngs, at left not before the «AoKh.es of the Mock became substan- 

tially smaller than 0.1». To reduce further the thickness, careful grind- 

ing followed by etching of the cold work layer was «P1^- . jf 

•  The change of" strain produced on the' outeF face" af eaclHftep of the 

operation was measured and plotted as« function of "to thickness remaning 

after toe cut. The results are represented in diagram., Figure tf and 5, 

for blocks HO. U and 8 respectively. For convenience, plots for the bot- 

tom and toP «•*« *«9 combined in one digram, by using as abscissa the 

position of the cut in the original block. 

'from these diagrams the amount of residual stress S ^eved by the' 

out at each section was computed by means of" the followlng^formula* (2)I 

\ / («t - e°t) A5 
" «'„•'c'M-  r^ 8,.,[- |.^U -.*). + z (•*-•%> -3(1 

'o.5U" - JS) 
2 ~ 

This formula applies to the upper half of the Mock,>buJi;the,same formula 

remains valid, for .the lower half, if the. indip.es .V and. b ^interchanged. 

• The meaning.of ths.symbols is the.fqllowjlag;     , ;,...„ 

S »modulus of^e.lasti.city.rrJQ .x..lp .P?i for steel ... . „,.,,.. 

As fraction of the .tptal thickness removed by slicing ,.r    ,,.. 

e    or eb =. total change, of strain measured on top or bottom gage 

tpr the position <*,  after the. block has been split.and sliced 

so that the thickness has. been reduced to the fraction 1 -0< 

.,     eot = the cham-o of the top ^age,  when splitting the block in half. 

e°v = same as e°t but .for .the bottom gage, and 

*tne rormula is based on the assumption that tWe 1. no' »tree. in-H» 
direction perpendicular to S. 

.:t 
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T5 ■ the «lop« of the diagram at the corresponding value of o( , 

Ai for the Integral appearing on the right aide of the formula (I), 1* 

Involves all values of auxiliary variable "J comprised between 0.5 and °C 

and the corresponding values of o.. Ihie Integration la accomplished 
graphically» 

In the actual applloatlon o* varies between 0.5 and 1.0. Vor OX » 0.5 

and likewise by Interchanging t and b 

Sine« both Taluea must be the »em»,  one of theae relatlona may be need aa 

a check, or to correct eventually the somewhat uncertain valuea of the 

elope at the beginning of the dlagrana. 

Tor an  ■ 1, the term containing the integral beooaee indeterminate. 
By eolving the lndetermlnatlon there follow (3) 

***■**•%   .      ...:.. 
and llkewlae 

!v**v. ...    . 
Obviously, the exact value of e for pi » 1 cannot bo obtained except 

by extrapolation. She latter procedure beooaee quite uncertain! if tho 

stress gradient la very auperficlal, aa la tha oaae in the preaent investi- 

gation. Continuous llnea In the diagram, figures 2 and 3 have been computed 

by means of tha above formulae using result« plotted in diagrams figures k 
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Seotlon 2. Determination of residual.strpas by eomhlalng x-ray and wire. '■, 

" •'   ' fiSES-ESlMSfia*  ■ ; ->. .■!■■ 

"' In this method the wire gpge readings merely serve to determine a -cor- 

rect loA term, ..• This term Is the «hange of, stress on the newly farmed face 

produced by slicing of the specimen. If, in addition! the actual value of. 

•tress is measured on this face .by means of. x-rays, .the original value of 

«tress before slicing is readily obtained by subtracting the change of 

•trees'from the stress measured after slicing. For particulars, reference 

la made again to the previously mentioned publication .(£).,.. 

The actual measurements of stress by means of x-rays wore made only on 

the bottom half of the block Ho. 8. But before splitting the block' In half, 

the amount of stress 'present on both f aoqs. aJ,eo. was determined. Since this 

was done before any relief of stress had occurred, th*>-so.determined.stress 

represented the true stress on the surface.; Wire gages were then, attached 

to both faces and the' block was split in half.. The newly formed section of 

the bottom half was polished and etched for'x-ray determination. This pro- 

cedure was followed for the successive sections, distant 0.3, 0.172, O.1U5, 

0.12 and 0.095 inches respectively from tho bottom face. To obtain a.rep- 

resentative average, the x-ray determinations were made at three points of 

the section. - The location of the. points is indicated in the sketch, figure 

6. .        ..... ,...-. 

The results of these various determinations are summarised in Table X. 

Using average values of stress computed,-in, Table I, diagram, Tigure 6 

It obtained similar to that represented by figure $,,except that there are 

no points for the upper half of the block So. 8. from these two diagrams 

*  * 
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the true value of stress at eacOr section of the boitom Uli bis'tern deter- 

mined by ami of the following formula (2). •>• 

'      8-8--2(l-'*)JflAS2 + x[(ab-V)' '   '     '        '' 

(1-*)/   3    -S    fl
7-«.<S« -U) 

-•;(i-*)] 

(ixx) 

XB this formula all symbols bar« the tut meaning aa la formula (I), except - 

a .      for 8* «bleb represents tba actual average value of stress measured by meant 

of x-rays at tba aaetlon of. . . 

By putting fX ■ 1, there .follows similarly to tba formula (II), sines 

8* becomes sorot 

I'-lli. (IT) 

Tba roaulta of computation of atraaa by mean« of formula (III) baTo boon 

platted as separate circles in the diagram figure 3 at 0.3, 0.172, 0.145» 

0.12 and 0.095 in* from the bottom face. The radius of the circle ■ 2000 

pel, represents the probable error of measurement. As for the end points 

of the diagram, figure 3, they are values of stress determined directly os 

the two faces of the original block Ho. 8 by means of x-rays as mentioned 

, previously. «.     * >   • ••••  ' 
A somewhat different procedure was followed to obtain the end points 

of the diagram Figure 2 referring to the block So. 11. Since it was de- 

sired to save the original gagee from California, no direct measurements 

of stress by means of x-rays were made oa the two faces before siloing. 
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***** the slicing'however, when «lie tw$; halves were reduced ulflmsrtely to "; 

some 0.X1 In. in thickness, the:'gages Wsr'6.removed and t'hti balance of resid- 

ual stress, loft on top. and bottpEuface.af. the.Week, measured; by means of 

x-rays. If the amount of this stress is called S*t and S*t respectively 

-then the value of the„original streaa.^ and-..^, present before slicing is 

•imply: 

st-v-lx:v <»> 

'■■,1'ün 
and fc^-V-1*-* 

/    ..r •- .*:..... .. .. -....,•-.;   • 
**', V  ■•'-.•.'■■■;■. -t    ■        '•     \-       ; •' ."..'"' .-.-..-.  ... 

where «. sad «i. represent the total change of strain recorded by means of 
'& .•.■(.• .>■    • »• ■* .■;■.'■•• :■ . ' .■ ••  ■•*{•:  .  ■     •'.'       . ...•■■'■■.■ '<,  •.:•...! 

wire «ages on the face considered. As a natter of check the same procedure 

was .applied to the remaining parts of the block No. 8,  and tho values bom- 

puted by means of formula (v) were compared to those determined directly 

before slicing. In doing so, a correction factor for bending was applied 

to tho values of e. and e to account for the fact' that the,wire strain 

. cages were located 0.004!1 above tho surface of the block. Is shown olse- 

where. (2), this correction factor nay becono as nigh,as 7& if the slicing 

is carried out below the thickness of 0.1" and if the stress gradient is ' 

very steep near tho surface. The results of.these various measurements are 

summarised in Table 2. 

As seen from this table there H a slight discrepancy between the 

direct x-ray measurements and the values determined by means of formula (T). 

The latter.are somewhat higher. 

■ i  u" 
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Tatta 1. 

SBXBtlliXXO* OT BJSI9UL STBXSS BT NUNS OF »-Bin IS SOB 

BOTTOM HALF OF BLOCK 10. 8 

(for; location of.point«, to« akateh, Jftcora 6} 

Sootlon 
la. from bottoa 

face 1 

Strata In pal 
at point. - 
8      3 aTerage 

-5.500 - 7,700 - 2j20O - 5.100 

-20,000 -19,000 -2i;ooo -20,000 

-24,600 -17,000 -1^,000 -13,500 

-19*000 -21,000 -23,000 -21,200 

-18J200 -13,200 r28,000 -21,000 
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Figur« 1. Saall Craeka In Block Mo. 8, 0.8» Bolow th« Top Surfte«. 
Magnification tx 
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